Heavy metal contamination has been a significant problem limiting agricultural development, but sugarcane has recently emerged as a valuable phytoremediator. To better understand the molecular mechanism behind sugarcane's metal tolerance, it is necessary to analyze the expression of a novel gene(s) by qRT-PCR. Importantly, introducing internal reference gene(s) should be selected based upon gene stable expression, the inclusion of which could enhance both the accuracy and reliability of this method. In this study, 13 candidate genes were selected and evaluated stability of each genes. The results derived by statistical algorithms were then validated by normalizing the expression of metal related gene ScMTP (GenBank Accession No. KP864146), ScMT2-1-3
77 ratooning ability, sugarcane (Saccharum spp. hybrids) is a potential phytoremediator that could 78 both accumulate metal iron and survive under high copper or cadmium concentration, thus 79 supporting the potential use for improving the polluted areas ; Zhang et al. 80 2014). Moreover, other two, the increasing demand for bioenergy production and not consumed 81 immediately by human, further facilitates its use as a remedy to metal pollution remedy (Gentile 82 Wang et al. 2014 ). However, due to 97 its high sensitivity, the accuracy of qRT-PCR is easily influenced by several factors, including the 98 inputted sample amount, RNA quantity, RNA integrity and purity, efficiency of cDNA synthesis, 99 and even by differences in materials activities Zhu et al. 2013) . In order to 100 eliminate these negative effects during qRT-PCR gene normalization, it has been determined that 101 either one gene or the gene group that exhibit the most stable expression under a given set of 102 experimental conditions or across various developmental and growth periods should be used as an 103 . 117 The aforementioned studies also recommended CAC (Clathrin adaptor complex) and CUL (Cullin) 118 as the best gene combination Ling et al. 2014 ). However, the report from Guo et 119 al. (2014) also indicated that the reference genes recommended specifically for NaCl and PEG 120 stresses were different from the reference genes for the abiotic stress conditions used in Ling et al. 121 (2014) , which recommended by geNorm (CAC and CUL) and NormFinder (eIF-122 4α) The stability values (SVs) evaluated by geNorm, NormFinder and deltaCt were chosen and 242 converted into relative SV (setting the minimum stability value as 1). After obtaining the relative 243 SV, the geometrical mean of the relative SVs of each gene from three statistical algorithms were 244 calculated and then evaluated by comprehensive rank (Table 3 ). The CSV indicated that UBQ was 245 the most stable gene in sugarcane under heavy metal treatment, followed by APRT, CUL, CAC 246 and GAPDH which all four had near-equal CSVs (Table 3) . When sugarcane plantlets were 247 exposed to heavy metal stress, the expression of TIPS-41 varied more than for the remaining 12 248 candidate reference genes, revealing that it was the most unstable gene under these conditions 249 (Table 3) . 250 The comprehensive ranks of the remaining genes were eEF-1a > eIF-4α > 25S rRNA > 18S 251 rRNA > TUB > ACT > PRR (Table 3) . UBQ and APRT, which were ranked as the first two genes, 252 were selected as the two most suitable reference genes and selected for subsequent study. GAPDH 253 and 25S rRNA, which had been used as reference genes in Guo et al. (2013) , were also selected 254 for subsequent quantitative validation 255 Optimal combination of reference genes for gene expression normalization under heavy 256 metal stress 257 Using geNorm, we analyzed the optimal number of reference genes and the optimal combination 258 of reference genes for gene expression quantification under heavy metal stress (Fig. 1) . A 0.15 cut-259 off level of the pair-wise variation V n/n+1 was used, which was originally put forth by 260 Vandesompele et al. and indicated the ineffectiveness of adding one 288 with CAC + CUL. This was also seen with the expression of ScMPP from 12 h to 48 h (Fig. 2C) . 289 When APRT and CAC + CUL were used as reference genes, the accumulation of ScMTP decreased 290 gradually from a nearly 1.63-fold up-regulation at 12 h to 0.62-fold at 48 h Cd treatment. 291 Expression increased to 3.78-fold at the last 96 h after treatment ( Fig. 2A) . However, these same 292 samples showed a down-regulation of ScMT2-1-3 along with ongoing treatment except at 12 h 293 (Fig. 2B) . Finally, our results also showed that with CAC + CUL normalization, there was both a 294 continuing decrease of ScMPP (Fig. 2C ) accumulation and a continuous small up-regulation of 295 ScHMA1 (Fig. 2D ).
296
Under CuCl 2 treatment and using APRT and CAC + CUL as reference genes, the rise of ScMTP 297 expression was found at 12 h and 48 h, although ScMTP would transcript levels decreased at 298 following two time points (24 h and 96 h) ( In this study, five different statistical algorithms were used and four final stability rank-lists 376 wereobtained. The Pearson correlation coefficients indicated that two of geNorm, NormFinder and 377 deltaCt method had relatively high correlations but that high discrepancy existed between 378 BestKeeper and three of the statistical algorithms (geNorm, NormFinder or deltaCt). Moreover, 379 these three algorithms-geNorm, NormFinder and deltaCt method offered nearly identical ranking 380 of the 13 candidate reference genes, especially when comparing the ranking provided by both the 381 geNorm and deltaCt method. Thus, the SVs that were obtained from geNorm, NormFinder and 382 deltaCt method were used to count GM of the relative SV and then all 13 of these reference genes 383 were re-ranked. As shown in the e-ranking list in Table 3 , UBQ ranked first among all 13 candidate 384 reference genes, indicating that UBQ is likely the most stably expressed gene in sugarcane 385 experiencing heavy metal stress. Previous studies by both Sang et al. (2013) and Hu et al. (2013) 386 demonstrated that UBQ9 and UBQ2 varied less than the other candidate reference genes in S. 387 alfredii and kumquat respectively. 388 Similarly, APRT, CUL, CAC and GAPDH had nearly the same CSV in our study, but lagged 389 behind UBQ (Table 3) 418 Similar normalization results were found in most of samples used in the present study for ScMT2-419 1-3, ScMPP and ScHMA1. 420 Conversely, the expression of ScMTP, ScMT2-1-3, ScMPP and ScHMA1 using UBQ and 421 GAPDH as reference showed a significantly different pattern from those compared against 476 molecular mechanism underpinning heavy metal tolerance in sugarcane. 477 
Conclusion

478
In plants, the quantification of gene expression using qRT-PCR is a popular method to identify 479 the function of novel gene. The internal reference gene(s), which have been obtained from suitable 480 experimental selection and evaluation of their stability, have been shown to enhance the accuracy 481 and reliability of qRT-PCR analysis. In the present study, 13 candidate genes were selected and 482 evaluated in four sugarcane cultivars exposed to heavy metal stress conditions. Results indicated 483 that APRT was the most suitable reference gene for qRT-PCR gene expression quantification in 484 heavy metal-exposed sugarcane. Moreover, our results also indicated that the combination of CUL 485 and CAC provided more accurate quantification of the gene transcript profile under the same heavy 486 metal experimental conditions. The gene expression quantification with APRT and CAC + CUL 487 suggested that, in accordance with the innate function of these four genes, ScMTP had different 488 expression patterns in response to Cd 2+ and Cu 2+ stresses. Moreover, under the same havy metal 489 stress, ScMT2-1-3 and ScMPP was slightly inhibited whereas ScHMA1 was minimally induced. 490 Collectively, the work presented here identified a suitable reference gene in sugarcane 491 experiencing heavy metal stress. Ultimately, this will benefit future research aimed at charactering 492 sugarcane gene functionality, which is crucial for unraveling the molecular mechanisms of 493 sugarcane heavy metal tolerance. 
